Objectives. Cost-effectiveness analysis (CEA) is essential for the comparison of treatments for rheumatoid arthritis (RA). CEA centres on accurate measurement of health utility (HU) preferences. Direct measures of HU in RA patients demonstrate weaker correlations with health status (functional disability and pain) than indirect measures. We examined whether demographic and psychosocial factors relate to HU in RA patients. Methods. HU was measured for 142 RA patients (76% women; mean age 58.75 yr) directly through standard gamble (SG) and time trade-off (TTO), and indirectly on the EuroQol (EQ-5D). Current pain (100 mm visual analogue scale) and recent functional disability (Health Assessment Questionnaire; HAQ) were assessed. A subsample of 48 provided demographic and psychosocial information (education, employment, marital/family status, knowledge about RA, medication beliefs, desirable responding, social support, optimism, and the Hospital Anxiety and Depression Scale; HADS). Results. Direct HU had higher means (SG^0.88, TTO ¼ 0.86) than indirect HU (EQ-5D^0.52). HAQ functional disability correlated with SG (r^2 0.28), TTO (r^2 0.31) and EQ-5D (r^2 0.67). Current pain correlated with TTO (r^2 0.19) and EQ-5D (r^2 0.36). HADS depression correlated with TTO (r^2 0.35) and EQ-5D (r^2 0.64); HADS anxiety also correlated with EQ-5D (r^2 0.46). Conclusions. Demographic and psychosocial factors cannot completely explain either the significant differences between direct and indirect HUs in RA patients or the moderate correlations of direct HUs with health status. Characteristics of the SG and TTO may make them inappropriate for HU assessment and CEA among RA patients.
and EuroQoL (EQ-5D) [4] [5] [6] [8] [9] [10] [11] . The first two of these are direct instruments, involving gambling on a hypothetical medication that may cause perfect health or death (SG), or trading off part of future life for reduced time in perfect health (TTO). Indirect methods of obtaining HU involve reports of current health on a standardized questionnaire such as the parsimonious EQ-5D; HU for responses have previously been estimated from HU reported in large population-based surveys using TTO [12] .
It is essential that HU measures are consistent and reflect improvement or deterioration in disease, and direct instruments may not be able to provide this adequately for patients with chronic illnesses like RA. Inconsistencies between different HU measures among RA patients may make it difficult or impossible to provide comparable cost-effectiveness figures [9] [10] [11] 13] . There is also a debate about whether HU is best elicited directly or indirectly [14, 15] . Although SG and TTO are the preferred means of measuring HU from economic perspectives, indirect methods are more frequently implemented due to ease of administration and stronger correlation with other measures of health status [13] . It can also be argued that for economic decision-making in public healthcare systems, such as the British National Health Service (NHS), the assessment of the utility of health states should be determined by the public (the tax payers) rather than individual patients, making indirect methods preferable.
Recent studies [11, 13] suggest that there are considerable variations in HUs across different indirect measures, but have not compared these with direct HU instruments. It is important to understand why the same HUs are not elicited by different measures.
One of the problems with direct measures of HU is the assumption that decision-makers are rational individuals with no reference to demographic or psychosocial context. Furthermore, while questionnaires differ clearly in the dimensions used to construct a health state [9] [10] [11] , it is not clear what attributes patients include in the construct of their health state in SG and TTO [16, 17] .
This study is the first to examine in detail the health state construct underlying the main HU measures among people with RA. If demographic and psychosocial factors relate to patients' willingness to gamble or trade on their current health state, then this may explain the lower correlation than would be expected between HU and other measures of health status (i.e. pain and functional disability in RA). Previous research has suggested that higher socio-economic status or education and being married or living with family lead to risk aversion [18, 19] . Any effect of education may be due to lack of understanding of the relatively complex probabilistic procedures [14] . Furthermore, the gamble or trade-off offered may be unconvincing for the patients with a chronic but non-terminal condition, such as RA, due to the human principle of risk aversion [20] . Over time, RA patients may become more tolerant of the disease and thus adapt to living in health states that would elicit a low HU among the general population [14] . Knowledge about RA may also be a factor in risk avoidance [21] , as may patients' medication beliefs [22] , response style [23] , social situation [9] [10] [11] , optimism [16] or depression/ anxiety [11, 12] .
We hypothesized that demographic or psychosocial factors relate to the health state construct elicited by direct measures (SG, TTO) of HU among RA patients and carried out an explorative correlational study to provide an initial test of this. This provides an essential first step for understanding how to appropriately compute HU among people with RA, and inform valid CEA of treatment interventions.
Methods

Participants
One hundred and fifty patients classified with RA [24] were consecutively recruited from rheumatology out-patient clinics of the Dudley Group of Hospitals (West Midlands, UK) and King's College Hospital (London, UK), where local research ethics committee approval was granted. Participants were given a written description of the project and signed consent forms. Two female researchers performed the interviews for the SG, TTO and EQ-5D, one at the Dudley Group of Hospitals (80 patients) and one at King's College Hospital (70 patients). Order of administration of the SG, TTO and EQ-5D was systematically counterbalanced (i.e. varied equally) across the sample. Eight of the 150 participants (5%) were unable to understand the procedure; results refer to the remaining 142 participants, of whom 108 (76%) were female and the mean age was 58.75 yr (S.D. 13.25; range 16-87). A subsample of 50 patients from Dudley participated in a more detailed project that involved collection of demographic and psychosocial data. The questionnaires were self-completed at home by the participants and returned by post, thus reducing possible fatigue effects in the administration of further measures in the main interview containing the HU assessments. Two participants in this subsample (4%) were unable to understand the procedure (not a significant difference from the remaining sample; Fisher's exact P ¼ 0.28); in this part of the study all results refer to the remaining sample of 48 participants. The participants in the more detailed study did not differ in age (Table 1 ; P ¼ 0.26) or sex ( Table 2 ; P ¼ 0.06) from the remaining sample.
Measures employed in all participants
The standard gamble (SG). SG offers participants a gamble between staying in their current state of health for the rest of their lives or taking a hypothetical medication that has a chance of causing instant and permanent perfect health, but with a risk of death [4] [5] [6] . The risk of death (q ¼ 1 À p, where p is the probability of successful treatment) was initially presented as 5% and gradually increased in increments of 5% and then 10% (with the opportunity for smaller increments) until participants could not decide whether or not they would take the hypothetical medication or declined to take any greater risk (the indifference probability). The 77 participants (40%) who would not accept 5% risk were subsequently offered a 4% risk, followed by 3%, 2% and 1% [54 participants (28%) declined any risk]. Options were presented verbally and on cards for clarity; finer probabilities were not offered to minimize confusion. HU on the SG is the lowest accepted indifference probability, p (i.e. the highest risk of death, q).
Time trade-off (TTO). TTO involves participants imagining two hypothetical courses of life that lie ahead: remaining in their current state of health for the maximum number of years (from a set allocation), or a shorter life spent in perfect health [4] [5] [6] . Different hypothetical lives (of t yr) were offered dependent on the age of the participant. Participants aged <40 were asked to trade off from 40 yr of life; 40-50-yr-olds were presented with 30 yr; 50-70-yr-olds were presented with 20 yr and participants aged >70 yr were presented with 10 yr. Options were presented verbally and on cards that allowed participants to indicate the longest amount of time (if any) they would be prepared to trade off (t -x) to have x yr in perfect health [91 participants (51%) refused to trade any time]. The HU is the proportion of years in perfect health (x/t). This provision of props and interview administration during SG and TTO assessments aids participant comprehension [25] .
The EuroQol (EQ-5D). EQ-5D [12] questions self-assessed problems across five items on mobility, self-care, usual activities, pain/discomfort and depression/anxiety. Each item has three levels of severity: 'no problems', 'some problems' and 'severe problems'. This provides 243 possible health states. HU is computed by applying a weighting system derived from a UK population-based survey, where participants used the TTO to rate HU for a proportion of EQ-5D health states [12] .
Functional disability. The Anglicized version of the 40-item
Stanford Health Assessment Questionnaire (HAQ) [26] was used to measure functional disability. Participants rate their ability (over the past week) to carry out 20 activities within eight aspects of daily living on a four-point scale. The HAQ is a commonly employed, reliable and valid measure of functional disability [27] [28] [29] .
Pain. A 100 mm visual analogue scale (VAS) was used to measure current severity of pain (i.e. on the day) [30] .
Measures employed in the more detailed arm of the study Social support. The Social Support Survey (SSS) [33] uses a four-point scoring system and assesses the perceived level of helpfulness of the support received from various people or groups (spouse, children, other relatives and friends) and has been extended to cover medical support (from the participants' GP, practice nurses, hospital doctors and hospital nurses) among RA patients [34] .
Optimism. The Life Orientation Test (LOT) [35] assesses optimism on a unidimensional scale from optimism to pessimism using a five-point Likert scoring system [35] .
Depression and anxiety. The Hospital Anxiety and Depression Scale (HADS) [36] was employed and consists of 14 items (seven for depression and seven for anxiety) with various four-point scoring systems, and has a period of reference of the past week. Item correlation and comparison with psychiatric ratings showed both subscales to be discriminately valid [36] . The cut-off score for probable depression or anxiety of 10 [36] was also employed.
Statistical analyses
Patients' HUs derived from the SG, TTO and EQ-5D were examined for normality before parametric inferential statistical tests were employed. Differences across the HU scores were compared using repeated measures ANOVAs with Bonferroni adjusted post-hoc paired t-tests. Associations between the HU scores derived from the SG, TTO and EQ-5D with functional disability (HAQ) and pain were computed using Pearson's correlation, r. In the subsample with more measures, correlations were also computed between the HU scores with the continuous demographic (age and years of education), medical (duration of RA, inflammation, pain and functional disability) and psychosocial variables (knowledge of RA, medication beliefs, desirable responding, social support, optimism, depression and anxiety). For categorical demographic (sex, having secondary education, being in current paid employment, being married and having dependent children) and medical factors (RA duration group, taking DMARDs, having co-morbidity and clinical HADS scores for depression and anxiety), the HUs were compared between the two resultant subsamples using independent t-tests.
Results
Full sample
Comparison of HU across measures. TTO and EQ-5D scores had acceptable normal distributions (kurtosis ¼ 0.30 and À0.75; skewness ¼ À 1.12 and À0.39, respectively), but SG did not (kurtosis ¼ 4.21; skewness ¼ À 1.75). One participant had a SG of 0.1 that was a statistical outlier (z ¼ À 5.02); this score was removed from all analyses and the normality became acceptable (kurtosis ¼ 0.90; skewness ¼ À 1.23; no further statistical outliers with jzj>4 existed). HUs derived from SG and TTO produced similar mean scores: 0.88 (SD 0.14; range 0.4-1) and 0.86 (SD 0.19; range 0.25-1), respectively. EQ-5D gave a lower HU, with a mean score of 0.52, and a much wider range (SD 0.30; range À0.24 to 1). Within participants, HU differed across the three measures (P<0.001). Scores derived from EQ-5D was significantly higher than from SG (HU difference, 0.36; adjusted P<0.001) or TTO (HU difference, 0.34; adjusted P<0.001).
There were moderate correlations between HU derived through the three different measures: SG scores correlated with TTO scores (r ¼ 0.44, P<0.001); EQ-5D scores correlated less with SG (r ¼ 0.27, P<0.001) but moderately with TTO (r ¼ 0.48, P<0.001).
Relationships of HU with medical factors. In the full sample, SG correlated significantly with HAQ functional disability (r ¼ À 0.28, P<0.001) but not VAS pain (r ¼ À 0.08, P ¼ 0.32). TTO and EQ-5D correlated significantly with HAQ functional disability (r ¼ À 0.31 and À0.67, respectively, both P<0.001) and VAS pain (r ¼ À0.19, P<0.05, and À0.36, P<0.001). Splitting HAQ functional disability into six score levels graphically demonstrates the stronger linear relation with EQ-5D (Figure 1 ).
Subsample with additional data
Confirmation of comparison in HU across measures. The subsample of 48 patients in the more detailed study gave very similar results to the full sample of 142 participants. SG, TTO and EQ-5D scores were acceptably normally distributed (kurtosis ¼ 1.02, 1.21 and À0.62; skewness ¼ À 1.23, À1.43 and À0.53, respectively). Independent sample t-tests showed no difference in HAQ functional disability (P ¼ 0.18) or VAS pain (P ¼ 0.37) between this subsample and the remaining sample. HUs derived from SG and TTO produced similar mean scores of 0.88 (S.D. 0.13) and 0.87 (S.D. 0.19), respectively (both with a range of 0.5-1). EQ-5D gave a lower mean (0.58), and wider range (0.06-1; S.D. 0.29) than SG or TTO, but was higher in this subsample than in the remaining sample (P<0.05). Within participants, HU differed similarly across the three measures (P<0.001) in this subsample. Scores derived from EQ-5D were similarly significantly higher than SG (HU difference, 0.30; adjusted P<0.001) or TTO (HU difference, 0.29; adjusted P<0.001).
There were slightly stronger correlations between HUs derived through the three different measures in this subsample: SG scores correlated with TTO scores (r ¼ 0.48, P<0.001). EQ-5D scores correlated less with SG (r ¼ 0.39, P<0.01) than TTO (r ¼ 0.62, P<0.001).
Relationships of HU with medical factors. In the subsample HU scores from SG, TTO and EQ-5D all correlated significantly (negatively) with pain and functional disability (Table 1 ; at least P<0.01). HU did not correlate with CRP (Table 1) , and no differences were seen in HU by the presence or absence of physical co-morbidity or use of DMARDs (Table 3) . Patients with early RA (<6 months since diagnosis) had lower HU on the EQ-5D than those with established disease (>2 yr since diagnosis) (Table 3 ; P<0.05).
Relationships of HU with demographic factors. There was only one association between demographic characteristics and HUs: participants in paid employment had significantly higher HU on the EQ-5D than participants who were out of employment (Table 2 ; P<0.001). No significant associations were seen between HU and age, education, employment, marital status or presence of children at home (Tables 1 and 2 ).
Relationships of HU with psychosocial factors. Depression correlated significantly with EQ-5D and TTO to a lesser extent; anxiety only correlated significantly with EQ-5D (Table 1) . HU on the EQ-5D was significantly lower among those with clinical depression compared with those without (Table 3 ; P<0.01) and among those with clinical anxiety compared with those without ( Table 3 ; P<0.001). HU did not correlate significantly with knowledge about RA, medication beliefs, desirable responding, social support or optimism (Table 1) .
Discussion
Accurate comparison of the cost-effectiveness of different treatment interventions for RA assumes consistent computation of HU. However, large discrepancies have been reported in the literature in this and other patient groups, particularly those with chronic illness. Despite this, few studies have compared HU scores elicited by different methods among people with RA. In the present study, we compared HU derived by two direct instruments (SG, TTO) and one indirect measure (EQ-5D) across 142 RA patients. HU derived from the SG and TTO was significantly higher than that derived from EQ-5D. All HU scores correlated with health status (pain and functional disability), although direct instruments only demonstrated moderate correlations, consistent with previous research [37] [38] [39] .
Differences between HU across different indirect measures may reflect differences in the underlying constructs [11, 13] . The moderate correlation between direct HU and health status could be due to HU correlating with other aspects of the patient's life, such as demographic and psychosocial factors. This is the first study to examine this suggestion in detail among people with RA. However, we found little evidence that these factors caused an alteration in risk attitude: minimal relationships with directly elicited HU were apparent in the present study.
None of the demographic factors related to HU derived by direct instruments. There was a single relationship with the EQ-5D: participants in paid employment had significantly higher HU than unemployed participants. This is consistent with findings in previous research where RA patients in employment report lower depression [40] and functional disability [41] , which form the majority of the five indices of the EQ-5D. While the present sample contained a relatively small proportion of participants in employment, a considerable difference was observed from people in and out of employment, suggesting that employment status may have an influence on HU and that in turn could have an effect on the health economics of RA.
Patients with established RA also reported higher HU on the EQ-5D consistent with studies showing that such patients have higher acceptance of their illness [42] and lower depression [43] . The relationship of duration of RA and employment status with EQ-5D scores may partly explain the lower HUs elicited by this indirect method, and should be considered in future applications of this instrument among people with RA.
Indirect measures of HU like the EQ-5D explicitly incorporate psychosocial factors. This study is the first to examine whether during direct elicitation of HU, patients also consider psychosocial factors in their health state construct. While SG related only to functional disability and pain, TTO and EQ-5D also correlated with depression, and EQ-5D further correlated with anxiety. The relationship of functional disability, pain, depression and anxiety with EQ-5D scores is anticipated, as similar items are included in the questionnaire. The effect of depression on HU elicited by TTO, but not SG, suggests that these direct instruments represent subtly different health state constructs. This may explain why SG elicits higher HU than TTO and both are higher than EQ-5D in RA.
An alternative explanation of the higher HUs elicited by direct methods (SG and TTO) is that these instruments are inappropriate for most people with chronic illnesses like RA, and only suitable for patients awaiting surgery or with terminal conditions [44] . In RA, the risk of dying after taking the hypothetical medication may appear too unrealistic a gamble to consider. Although there are life-threatening risks of RA treatments, these are very low [3] . The disease itself is also not perceived as life-threatening, despite evidence of its association with potentially fatal co-morbidities and thus reduced life expectancy [45] . Hence, these two direct means of assessing HU are limited for economic evaluations of treatments for most RA patients, and this has implications for clinical trials including CEA. This is consistent with other studies using direct instruments to assess HU in conditions that are not lifethreatening. For instance, in patients with intermittent claudication, mean HU derived from SG and TTO has been found to be 0.91 and 0.80, respectively [46] . High baseline HU scores will make any influence of treatment interventions on HU difficult to assess.
Direct HU instruments may become useful in RA if they are modified so that patients compare more moderate health states [47] , for instance different levels of functional disability (as highlighted in Figure 1 ) rather than the extremes of perfect health or death. This has been described as the method of chaining [4] [5] [6] and has been implemented for determining HU for patients with oesophageal cancer [48] and in patients with Crohn's disease [49] , another chronic but generally non-terminal illness. Using chaining, the HU of an alteration in functional disability could be determined. However, there are theoretical and administrative problems with chaining because the SG appears to be internally inconsistent across levels of outcome offered [50] and may be even harder to comprehend than the original procedure, which has been suggested to be too complex [14] .
The present study found moderate correlations between health status (functional disability and pain) and HU scores derived by the direct instruments SG and TTO, but stronger correlation with the score derived from the indirect measure, EQ-5D. These differences present a problem for comparing different CEAs of treatments of RA if HU has been derived by different methods [37] [38] [39] . Previous research has suggested the psychosocial or demographic characteristics of patients may lead to the moderate correlation between HU and health status. However, this claim has not been previously examined. This study provides evidence that these moderate associations between HU scores from the SG and TTO and health status are not explained by demographic or psychosocial factors. Instead we propose that the choices offered on the SG and TTO are unrealistic for patients with chronic illness who do not perceive their condition or its treatment to be life-threatening. It is likely that this finding is generalizable to other rheumatic conditions, but it should be addressed in larger and wider future studies.
This study provides evidence that, in their present form, direct measures of HU may be inappropriate for the weighting of CEA of treatments for RA. Population-based indirect measures like the EQ-5D are less complex and more reflective of other standard measures of health status among RA patients.
